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(54) Title: MULTI LAYER VEHICLE TRACKING SYSTEM 
(57) Abstract 

A vehicle tracking system is disclosed. The system uses management data generated or stored within a GSM digital mobile telephone 
to enable the location of the telephone to be determined by triangulation. The management data used includes Base Station Identity Code. 
Base Station Frequency. Signal Strength. Signal Quality and Timing Advance. The tracking system can also be used to track or locate 
shipping containers or to track or locate an individual carrying the mobile telephone. 
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MULTI LAYER VEHICLE TRACKING SYSTEM 

This invention relates to a method of tracking vehicles and other 
mobile bodies such as shipping containers, and even people, by using the 
management data generated within a mobile telephone operating on the GSM 
5 digital mobile telephone system. 

Several different techniques for tracking of motor vehicles have been 
implemented in the past. The major disadvantages of these methods are 
antenna shielding, high infrastructure costs and the need to provide a 
dedicated communications li^k from the vehicle to a monitoring station. For 

10 example satellite based navigation systems are largely ineffective in high-rise 
building areas and inside buildings due to antenna shielding, while radio 
signal triangulation systems require dedicated and expensive infrastructure to 
be established to provide coverage of the required operating area. Both 
methods require the addition of a communications capability between the 

15 vehicle and the monitoring station. The present invention overcomes these 
problems by using the very extensive and pre-existing mobile telephone 
infrastructure, which provides extremely good coverage and a high degree of 
redundancy so that it is possible to achieve reliable operation in areas where 
antenna shielding would make the satellite systems unreliable, and whilst not 

20 having to fund the infrastructure associated with other radio triangulation 
systems. The mobile telephone system also provides the required 
communications link. 

The present invention provides a multi -layer tracking system utilising 
the mobile telephone to provide an initial approximate location (Layer 1), a 
25 more precise location by forcing the telephone to gather and report additional 
information (Layer 2) and, together with other commercial location devices 
that are controlled via the mobile telephone link, an exact location when 
required (Layer 3). 

The present invention is essentially a radio signal triangulation system 
30 the unique features of which are the extraction and use of data that is already 
generated within the GSM digital mobile telephone to provide the data 
required to perform- the triangulation calculations. 
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Normal operation of the GSM digital mobile telephone system requires 
the mobile unit to determine and store a number of items of information 
relating to the local mobile telephone network. These data are used to make 
decisions relating to the management of calls to and from that mobile 
5 telephone. Some of these data that are of particular relevance to the present 
invention are: 

Base Station Identity Code (BSIC) 
Base Station Frequency (ARFCN) 
Signal Strength 
Signal Quality 
Timing Advance (TA) 

In normal operation, the mobile telephone will determine and store a 
full set of these data values in relation to the base station that is best 
positioned to immediately handle calls on behalf of that mobile. In addition 
it will determine and store some of these data values for up to six nearby 
base stations. The data is used internally within the telephone to manage calls 
to and from the mobile telephone to achieve the most efficient and reliable 
telephone operation. The present invention takes advantage of the existence 
of this data within the telephone as well as the ability to control the telephone 
so as to obtain a more complete set of data. The telephone may then be used 
to send the data to a remote monitoring station. 



15 



Each GSM base station transmits radio signals on one of 124 specific 
radio frequencies and therefore base stations may be co- located with other 
base stations or operated separately. When individually sited, the antenna 

25 system is usually (although not necessarily) designed to transmit and receive 
signals in an omni- directional pattern. When two or more base stations are 
co-located the antenna system is designed to have directional properties so 
that each base station services mobile telephones in a sector that is different 
from the other co -located base stations. Therefore, by determining the Base ^ 

30 Station Identity Code it is possible to uniquely identify the operating base j 
station and with knowledge of the antenna characteristics of that base station -i 
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to determine an approximate azimuth direction from the base station to the 
mobile telephone. 

In one embodiment of the invention, the above listed management 
data related to each of the base stations may be used together with 
information related to the physical location and antenna characteristics of 
those base stations to determine the position of the mobile telephone by 
triangulation from the several base stations. The degree of redundancy of the 
information will provide a sufficiently accurate position definition for many 
applications. 

A second embodiment of the invention provides enhanced accuracy by 
using the Timing Advance data. This data effectively provides the range 
from the mobile telephone to the base station. Addition of this information 
to the triangulation calculation further improves the accuracy of the position 
fix. 

A third embodiment of the invention involves controlling the mobile 
telephone so as to transfer the call through one or more of the other base 
stations that are within range. In this way the Timing Advance data for each 
of the base stations is obtained. Adding this data to the triangulation 
calculations further enhances the accuracy of the position fix. 

In order that the reader may gain a better understanding of the 

present invention, hereinafter are described one embodiment of the invention. 

by way of example only. A vehicle is fitted with a security system, a mobile 

telephone, an interface and control unit (ICU) and a commercial beacon 

transmitter. In the event of the vehicle being stolen or tampered with, the 

security system will generate an alarm signal that will trigger the ICU. The 

ICU may then take control of the mobile telephone and initiate a telephone 

call to a monitoring station, passing over the link so established the available 

telephone management data, together with identification details of the vehicle. 

The ICU will also force the mobile telephone to operate via two or more base 

stations in order to obtain additional Timing Advance data. At the 

monitoring station the call may initiate an alarm while at the same time the 

» 

data received is correlated with known information about each base station in 
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order to perform the triangulation calculations and to present the location 
information on a map display. The monitoring station operator may then 
send back control information to the vehicle. This control information could, 
for example, cause the ICU to activate a commercial beacon transmitter in the 
5 vehicle and may also immobilise the vehicle*s engine. The monitoring station 
operator would then despatch an armed guard to the location indicated by the 
telephone data. The guard would identify the vehicle by means of a radio 
direction finding system tuned to the tracking transmitter. 
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The claims defining the invention are as follows: 

1, A vehicle tracking system that uses management data generated within 
a GSM digital mobile telephone to provide data to enable 
determination of the position of the mobile telephone by triangulation. 

5 2. The vehicle tracking system of claim 1 wherein the mobile telephone 

itself is used as the communications link to pass the acquired data to a 
monitoring station, 

3. The vehicle tracking system of claims 1 and 2 wherein the mobile 
telephone is controlled in such a manner as to force it to operate via 

10 two or more base stations so as to generate additional management 

data in order to refine the triangulation calculations. 

4. The vehicle tracking system of any one of claims 1 to 3 wherein the 
mobile telephone is used to convey control information from a 
monitoring station to the vehicle in order to control either the tracking 

15 system itself or other associated systems within the vehicle so as to 

enhance the ability of the monitoring station to locate the vehicle. 

5. The vehicle tracking system of any of claims 1 to 4 applied in a 
manner so as to provide tracking/location of mobile telephones 
installed in shipping containers, railway rolling stock or carried on a 

20 person. 
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AMENDED CLAIMS 

[received by the International Bureau on 6 March 1997 (06.03.97); 
original claims 1-5 replaced by amended claims 1-5 (2 pages)] 

1. A vehicle tracking system that uses management data stored within a 
GSM digital mobile telephone to provide information to enable 
determination of the position of the mobile telephone. In particular, 

5 cell identity and Timing Advance (TA) information is accessed 

directly from the mobile telephone. Cell identity information provides 
the means of accessing a database containing the location and 
characteristics of the cell's transmission antenna and thereby a 
reference point and arc centred on that point, within which the mobile 

10 telephone is located. Timing Advance information provides a good 

estimate of the distance from the base station to the mobile telephone. 
There is specifically no need for access to, or intervention by or 
through, a mobile network base station or any other element of the 
mobile cellular network equipment. 



15 2. The vehicle tracking system of claim 1 wherein the mobile telephone 
itself is used as both the source of the location data and the 
communications link to pass the acquired data to a monitoring station. 

3. The vehicle tracking system of claims 1 and 2 wherein the mobile 

telephone is controlled in such a manner as to force it to operate via 
20 two or more base stations so as to generate additional management 

data in order to refine the location calculations. In particular. Timing 
Advance information is generated for each additional base station so 
used. 



4. The vehicle tracking system of any one of claims 1 to 3 wherein the 
25 mobile telephone is used to convey control information from a 

monitoring station to the vehicle in order to control either the tracking 
system itself or other associated systems within the vehicle so as to 
enhance the ability of the monitoring station to locate the vehicle. 
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5, The vehicle tracking system of any of claims 1 to 4 applied in a 
manner so as to provide tracking/location of mobile telephones 
installed in shipping containers, railway rolling stock or carried on a 
person. 
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